I. INTRODUCTION
A quantum phase transition (QPT), a continuous order disorder transition at zero temperature, is driven by quantum fluctuations. A ferromagnetic to paramagnetic QPT in the Ni can be archived by adding different non magnetic impurities like Pd, 1 V, 2 Pt 3 and Rh 4 .
Out of all these systems the Ni 1−x Rh x is the system in which the magnetic phase transition is quite complicated. The Ni 1−x Rh x system exhibit a QPT from ferromagnetic to paramagnetic below a critical composition of 0.626, [4] [5] [6] The onset of ferromagnetism in these systems are spin glass ordering. In Ni 1−x Rh x below the percolation threshold of the ferromagnetism a spin glass phase appears due to the interaction between the polarizing spin clusters which form at the Ni rich region. 5 Bulk Ni 1−x Rh x alloy show short range ordering which means Ni atom is preferred to be surrounded by Rh atoms however in case of homogenous Ni 1−x Rh x alloy, the system becomes more random. So the no of Ni nearest neighbor to a Ni given atom increases, giving rise to an increase in Ni clusters. The interaction between such clusters move forward the system from paramagnetic to spin glass type below critical concentration of ferromagnetic order. The heat capacity and the magnetic susceptibility show anomalous behavior at the critical concentration in low temperature region. Materials at nanoscale are known to possess properties different from their bulk counterparts. Specifically studying the magnetic QPT of the above well studied bulk alloy in the nanoscale is very much complicated since the nanosystem itself inherited by multitude of magnetic phases, viz. paramagnetic, superparamagnetic, blocked ferromagnetic. So It is quite enthralling,to investigate the QPT in Ni 1−x Rh x nanoallys. The synthesis and the catalytic property of Ni 1−x Rh x nanoalloys were studied previously. Recently lots of studies on Ni 1−x Rh x nanoalloys and graphene supported nanoalloys are going on due to its high use as catalyst in hydrogen storage [7] [8] [9] and hydrogen generation. [10] [11] [12] However any type report addressing to the magnetic study or possibility of composition driven magnetic QPT in Ni 1−x Rh x nanoalloys has not been discussed as the best of our knowledge. This leaves us an opportunity to study the magnetism and composition driven QPT in this nanoalloy. In this work, we have desired to study the magnetism of Ni 1−x Rh x nanoallys and the effects of the reaction time on the magnetism of the nanoalloys. We synthesize nanoparticles of Ni 1−x Rh x alloys above and below the bulk critical concentration, with keeping an aim of achieving good crystallinity and single phased chemically with two different reaction times. We then examined the size and crystallinity 2 of the nanopaticles by microscopic and spectroscopic techniques. A further study on the magnetization on the nanoalloys was also carried out to get the idea about the different magnetic properties of the nanoalloys. ions were generated. To the above mixed solution, 5 ml of diethanolamine was added as surfactant followed by 9 mL of hydrazine hydrate as reducing agent.In the last reaction step, 30 ml distilled water was added to this.We have prepared two sets of such solutions.
The two sets were refluxed at 110
• C one for 6 hours and other set for 25 hours. Finally, the prepared Ni 1−x Rh x alloy nanoparticles were separated by centrifugation, washed with district water several times and dried under vacuum for 48 hours. We denoted the prepared samples as N6 and N25 with 6 h, 25 h reaction time respectively. In this nomenclature, N stands for nanoparticles and the first numeric is for reaction time in hours.In both the cases only refluxing time was different whiles all other conditions were kept same. suspension solution was then placed on a piece of carbon-coated copper grid. For SEM the pre sonicated solution was dropped on small piece of aluminium sheet. Energy-dispersive X-ray analysis (EDAX) was performed using a JEOL scanning electron microscope for determining the compositions of synthesized alloys. The X-ray diffraction (XRD) analysis were performed on a Philips X-Pert MRD X-ray diffractometer with Cu K α radiation to confirm the structure and the phase.X-ray photoelectron spectroscopy (XPS), using a PHI5000
Versaprobe system, was also performed to further verify the stoichiometries of the samples.
Highly Monochromatic focussed radiation from an Al-K α source(hν = 1486.6 eV) X-ray source was used for excitation. The pressure of the analyzer chamber was maintained in the range of 1 ×10 10 during the measurement. The binding energy scale was charge referenced to C 1s at 284.5 eV. High-resolution XPS spectra were acquired at 58.7 eV analyzer pass energy in steps of 0.125 eV. it is confirmed that nanoalloys of this also obey Vegard's law.
G. XPS
The metallic Ni 1−x Rh x alloy nanoparticle were also studied by X-ray photoelectron spec- This is because between Ni and Rh, Rh is the more electronegative so upon alloying with Ni, a charge transfer from the Ni site to the Rh site is expected. So the Binding energy of Ni is shifted toward lower side and Rh towards the higher sides.
H. Magnetization
Figure5 represents the variation of magnetization with temperature, measured under an applied field of 500 Oe in the standard zero-field-cooled (ZFC) and field-cooled (FC) protocols. We will discuss the ZFC -FC magnetization study of each synthesized concentration separately one by one.
For Pure Ni nanpparticle the ZFC and FC curves show some interesting features worth mentioning: The ZFC and FC curves show some interesting features worth mentioning:(1)The irreversibility in the ZFC and FC curves present through the whole measuring temperature range in both N6 and N 25 samples. (2) Taking in the consideration of the ZFC curve in both the samples show quiet similar type of behavior. We observe two peaks one sharp and strong peak in low temperature region and another broad peak in the higher temperature region. The only difference in the samples is the lower temperature peak, which is very intense in sample N6 in comparison to sample N25. In sample N6 going down from 9 300 K in the temperature axis the magnetization first increases followed by a broad peak at around 241 K then decreases up to 22 K and then increases showing a sharp peak at 12 K and finally decreases down to low temperature. In case of sample N25 similar behavior is observed however the high temperature peak is more broad than N 6 sample and the low temperature peak appears at 14 K. Here we try to explain the above features one by one. The peak in ZFC and irreversibility between ZFC and Fc curve are the characteristic features of SPM nanoparticles. 18 In order to understand the existence of two peaks in the ZFC curve in both the samples, we propose that the sample is consisting of two types of particles the small particles present at the surface and bigger larger particles inside. The big ones have SPM behavior and show a blocking temperature T B in the higher temperature side and the smaller particle have a blocking temperature at very low T S < 15 K. 19 The broadening in the peak is due the agglomerations. In sample N 25 the size of particles is more than sample N 6 as confirmed from SEM images, due to why the T B is more broaden in former one. we can also say that the size distribution of the bigger SPM nanoparticles are large in comparison to the small surface particles. Now we will discuss features in the FC curve in the two samples. In Sample N6 by magnetization value increases with the decrease of temperature from the 300 K up to 60 K then increases followed by a maxima in the FC at 57 K. Below 57 K the magnetization decreases showing a dip or minima at 32 K and by further decrease of temperature Magnetization increases without saturating. The monotonic increase of magnetization in FC below T B with the temperature is the one of the key feature of SPM nanoparticles. However in sample N6 the increase of Magnetization with T up to 60 k show little bit flat this is due to inter particle inter action present in the between SPM nanoparticles. Due to the interaction between the SPM nanoparticles the nanopaticles freezes at low temperatures which is appeared as a hump in FC curve at 57 K corresponding to the glass temperature of the system below which the system shows a glassy behavior. 25 However minimum in Magnetization upon cooling is only observed in super spin glass system (SSG). 18, 20, 21 Well established evidences of presence of a superspin glass (SSG) below a well-defined glass temperature, T g in various systems has been studied. [22] [23] [24] The decrease in the magnetization below 57 K is due to the collective frizzing of the spins.
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Sample N 25 show similar type of behavior only the hump which is referred as the spin glass temperature and the minima in the FC upon cooling which is characteristics feature of SSG system is less intense. From this argument we can state that in both the samples, the SSG behavior is observed. But now the question arises what is the cause of SSG type of behavior in our system. The glassy behavior in the nano systems are due to the inter particle interaction, anisotropy and the surface effect. SSG system is nothing but analogous to spin glass state to the bulk. The only thing SSG is the collective freezing of interacting spins in the nanosystem. In our case the SSG phase arises due to the high inter particle interaction between the SPM nanoparticles also observed in SEM and HRTEM images and the interaction between the small surface particles and larger SPM particles which cause a collective frizzing of spin at low temperature. In Ni there is a shoulder like feature appeared at 30 K in both ZFC and FC for both N6 and N 25 samples. We named the temperature as T g , the spin glass temperature, which is more pronounced in N25 than the other one. We will try to understand the magnetism of the origin of spin glass in the alloys. Normally the spin glass is observed in a system due to random magnetic interactions and frustration of spin. The magnetism in case of Ni 1−x Rh x alloy is due to interacting localized cluster moments similar to that of their bulk. When we doped Ni with Rh, the Rh took the random lattice position so the exchange interaction between the Ni atoms breaks down but some places have Ni clusters, giving rise to the ferromagnetism. By further increasing the Rh concentration the no of Ni atom nearest neighbor to a given Ni atom decreases which given rise to the decrease in moment. Like the bulk here also we observe spin glass phase below the ferromagnetic phase. For bulk, the alloy show a short range interaction due to which Ni prefers being surrounded by Rh atoms. The spin glass phase in bulk arising by controlling the short range interaction by making the system random by some cold work. 5 However in case nano, the systems are a complete homogeneous alloy of Rh and Ni without any short range interaction. The origin of spin glass phase could be due to the same phenomenon as in the bulk material i.e due to interacting localized clusters. Though we are talking about the nanosystem, however the particles size is big enough to accommodate lots of atoms. The T g value is very close in both N6 and N25, the T g values do not drastically change with the particle size but depends on the concentration, is well studied by Feltin et al .
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The field dependance of magnetization has been investigated at 2 K and 300 K for all the samples and shown in figure 6 . 
